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Highlights
•

We assess the factor structure of ECE classroom process quality in Ghana using a culturally
adapted observation tool.

•

We find three distinct domains of quality that are empirically correlated.

•

Domains address facilitating learning, supporting students, and emotional climate.

•

Teacher characteristics and classroom structural quality predict process quality.

•

Classroom quality predicts spring academic and social-emotional child outcomes.
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Abstract
In recent years, there has been an increase in the demand for and supply of early childhood
education (ECE) in low- and middle-income countries. There is also growing awareness that
unless ECE is of high quality, children may attend school but not learn. There is a large literature
on the conceptualization and measurement of ECE quality in the United States that focuses on
the nature of teacher-child interactions. Efforts to expand access to high quality ECE in low- and
middle-income countries will require similar measurement efforts that are theoretically-grounded
and culturally-adapted. This paper assesses the factor structure and concurrent validity of an
observational classroom quality tool to assess teacher-child interactions—the Teacher
Instructional Practices and Processes System© (TIPPS; Author, 2013b; 2017)—in Ghanaian preprimary classrooms. We find evidence of three conceptually distinct, but empirically correlated,
domains of quality: Facilitating Deeper Learning (FDL), Supporting Student Expression (SSE),
and Emotional Support and Behavior Management (ESBM). Teachers’ schooling level, training
in early childhood development, and professional well-being positively predict the three quality
domains in different ways. SSE and ESBM predict classroom end-of-the-school-year academic
outcomes, and SSE predicts classroom end-of-the-school-year social-emotional outcomes.
Implications for the field of international education and global ECE policy and research are
discussed.
Keywords: process quality; teacher-child interactions; pre-primary school; teacher education;
sub-Saharan Africa; school readiness
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Enrollments in early childhood education (ECE) programs have increased substantially in
developing countries over the past several decades (Author, 2013a). In a global initiative to
improve children’s development and learning, United Nations Sustainable Development Goal 4
on education Target 4.2 aims to expand access to high quality ECE and improve schoolreadiness outcomes for all children (United Nations, 2015). The target’s emphasis on quality is
critical, as successful efforts over the last 15 years to increase access to primary education in
low- and middle-income countries (LMICs) have not resulted in high learning rates.
Conceptualizing and developing culturally-relevant, reliable, and valid metrics of quality is a
necessary first step to monitoring and improving it.
Specific features of the classroom context have been shown to meaningfully predict
student learning outcomes and trajectories (e.g., Hamre & Pianta, 2001; Mashburn, 2008). Two
features of classroom quality are often considered. Process quality – considered the driver of
child development and learning (Howes et al., 2003; Pianta et al., 2005) – refers to the nature of
children’s daily interactions and experiences in the classroom, with a broad focus on the social,
emotional, physical, and instructional aspects of activities and interactions. Structural quality
refers to regulable resources, such as class size, student-teacher ratio, and teacher training and
education (Slot, Leseman, Verhagen, & Mulder, 2015) and are considered important for
improving learning outcomes only to the extent that they promote process quality (Author, 2012;
Phillips et al., 2000; Pianta et al., 2005; Vandell, 2004; NICHD ECCRN, 2002). Yet notably,
research is mixed with regard to the consistency of these results across diverse settings,
outcomes, and study designs, with many high-quality studies and meta-analyses showing small –
or even null – associations between measured classroom quality and child outcomes (Auger,
Farkas, Burchinal, Duncan, & Vandell, 2014; Burchinal, 2017).
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The vast majority of studies assessing process quality have focused on developed
countries generally, and the United States in particular. As efforts to expand access to quality
education in LMICs increase, establishing metrics that are theoretically-grounded and culturally
adapted is crucial. Yet little is known about the conceptual and empirical nature of ECE
classroom processes in LMICs generally, and in sub-Saharan Africa (SSA) in particular. In the
last two decades researchers have begun to highlight the need for classroom observational
instruments that can be used across diverse settings and used in LMICs to gauge elements of
classroom quality such as student engagement, effective instruction, and emotional factors that
support child development (Schaffer, Nesselrodt & Springfield, 1994; Venäläinen, 2008). While
several instruments have been used in LMICs to assess classroom contexts (Chesterfield, 1997;
Stallings & Kaskowitz, 1974; USAID, 2010), most are in the form of frequency-based checklists
or time spent on tasks, rather than assessments of process quality.
Conceptualizing and Measuring Classroom Process Quality
Behind the concept of process quality is a long-standing theoretical base on the ways
social-settings affect individuals (i.e., through their daily interactions in those settings; Author,
2007; Author, 2011), with a particular focus on classroom settings (Cohen, Raudenbush & Ball,
2003; Pianta & Hamre, 2009). These frameworks postulate that learning and development rest
with students’ daily experiences with teachers and peers in the classrooms (Author, 2007; 2011),
and that these interactions are culturally bound (Stigler, Gallimore & Hebert, 2000). Whether
underlying domains of quality are similar across contexts and cultures is not known, though
evidence to date suggests that some quality dimensions are similar across countries. This body of
work is primarily limited to the most studied classroom observation tool–the Classroom
Assessment Scoring System™ (CLASS; Pianta, La Paro, & Hamre, 2008), and thus it is not
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clear whether consistences found across countries are the result of the observation tool itself (see
Pastori & Pagani, 2017).
The CLASS organizes teacher-student interactions into three major domains: Emotional
Support, Classroom Organization, and Instructional Support (Hamre et al., 2013). These three
domains have strong empirical support in high- and a few upper middle-income country contexts
(e.g., Hamre et al., 2013). Two recent studies used the CLASS in Latin America. Leyva and
colleagues (2015) found support for the existence of three distinct domains of teacher-child
interactions, and Araujo and colleagues (2016) used teachers’ total CLASS scores to represent
Responsive Teaching (as in Hamre, Hatfield, Pianta & Jamil, 2014). Both studies found that
these quality measures predicted children’s academic and executive function skills over one
school year. Finally, a third study assessed the applicability of the CLASS in kindergarten
classrooms in China (Hu et al., 2016), and found support for the three-factor structure with
acceptable psychometric characteristics.
Other studies, however, have identified psychometric inconsistencies with the original
three-factor model (e.g., Pakarinen et al., 2010 in Finland; von Suchodoletz et al., 2014 in
Germany). Some have raised critical questions about the international application of standardbased measures to assess ECE quality (Pastori & Pagani, 2017). Interviewing ECE experts and
teachers in Italy, Pastori and Pagani (2017) found that while there were elements of continuity in
how these teachers perceived quality based on the CLASS dimensions, there were also
disagreements about some of the items and key features of the teacher-child relationship that
these experts felt were not captured by the tool.
To our knowledge, the CLASS assessment has never been used in SSA and our piloting
of the tool suggests it may not be feasible without significant adaptation. For example, the
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CLASS does not provide guidance on how to use it out of the U.S. or if adaptations are allowed,
and its cost is often prohibitive in low-income countries. The cost, coupled with the difficulty of
adaptation, is a serious barrier for its use in low-resource contexts. Furthermore, the inferential
scoring method, coupled with the phrasing of some of the items, was difficult for local observers
to implement with reliability. Finally, classroom assessment tools must be granular and nuanced
to be useful for feedback, and according to Pianta (2011), the CLASS dimensions are too coarse
for this purpose. This also leads to a need for higher inference on the part of the observer.
Measuring classroom process quality in SSA may require a tool developed for the region that is
attuned to the context – for example, with a focus on concepts that are particularly relevant when
teaching in multi-lingual settings (e.g., tone of voice, language modeling) –, has sufficient
granularity, and is designed with the ease and intent of adaptability by allowing for culturaly
specific examples to be incorporated.
The Teacher Instructional Practices and Processes System (TIPPS) – ECE Version
The need for a classroom-quality observation tool focusing on process quality is great
given its potential as a lever of change to improve education, especially in low-income countries
where educating children and youth is a major policy issue (UNESCO, 2008). The Teacher
Instructional Practices and Processes System© (TIPPS; Author, 2013b) was created to asssess
classroom process quality in low-income countries. The initial reliability and validity study of
the TIPPS was conducted in Ugandan secondary school classrooms (Author, 2018). As a
systematic behavioral observation instrument, the TIPPS has been designed to measure the
quality of teaching practices and classroom processes in as granular and nuanced fashion as
possible so that they can be fed back to teachers to improve their performance as well as student
academic and social-emotional outcomes.
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The development of the ECE version of the TIPPS was, in large part, led by focusing on
key quality indicators in the classroom that support child development. These theoretical
constructs include the use of structured free-play in the classroom, ECE-focused instructional
practices, social-emotional support, classroom management and environment. The measure also
includes an “environmental scan” that records the availability of classroom structural supports
(e.g., availability of books, desks, and classroom lighting). In the current study, we examine the
utility and effectiveness of the pre-primary version of the TIPPS in Ghana.
Early Childhood Education in Ghana for Children Ages 4-6
Ghana is a lower-middle-income country in West Africa with a population of 26.9
million people (CIA, 2016). The adult literacy rate is 76.6%, with significant variation across
regions. The highest literacy levels (88.5%) are in the Greater Accra Region, with nearly half of
the regional population being literate in English and a Ghanaian local language (Ghana
Statistical Service, 2012). Nearly one-quarter (24.2%) of the population lives below the national
poverty line of approximately $290 per adult per year, and the average life expectancy is 66.6
years of age (CIA, 2016). In 2007, Ghana became one of the first countries in SSA to extend two
years of pre-primary schooling (i.e., kindergarten for 4 year olds (KG1) and 5 year olds (KG2))
as part of its free universal basic educational system and has among the highest ECE net
enrollment rates in Africa at 75 percent (UNESCO, 2015).
Despite high enrollment rates in schools, educational quality and learning levels remain
low. For example, for both Primary 3 and Primary 6, approximately 40% of the students failed to
achieve even minimum competency in mathematics and approximately 40% of P3 students failed
to achieve minimum competency in English (Ministry of Education, 2014). Recent research
suggests that these academic shortcomings may begin early in life, with approximately one-third
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of three- and four-year-olds in Ghana not meeting basic developmental milestones necessary for
success in school, including following directions, working independently, avoiding distraction,
and avoiding aggression (McCoy et al., 2016). The relatively high pre-primary enrollment makes
ECE a possible target for large-scale improvement of young children’s school readiness.
As the demand for ECE has expanded, in particular in peri-urban communities (i.e.,
towns and settlements that surround large cities), the private sector has grown significantly and
helped fill a large gap in communities where public preschools have been slower to open
(Bidwell, Watine, & Perry, 2014; Lewis, 2013). The public and private sectors differ in terms of
structural characteristics. For example, there are no requirements for teacher credentials and
training in the private sector, while teachers in the public sector are required to have a Diploma
in Basic Education obtained from an approved college of education (Asare & Nti, 2014). Publicsector teachers are also classified as civil servants, and thus receive a guaranteed remuneration
level as well as job security, while private-sector teachers are generally paid much smaller
amounts with no guaranteed job security (Osei, 2006). Understanding if and how observed
quality differs in private and public schools is critical to the question of ECE quality in Ghana.
Researchers and policymakers have openly stated the need to reform Ghana’s educational
system and curriculum, which is based on the colonial model inherited from England (Quist,
2003), if students are to learn the skills necessary to succeed in today’s globally competitive
economy. In Ghanaian schools, pupils are encouraged to learn by rote memorization and produce
lists of facts in compulsory examinations, an approach that neither stimulates creativity nor
provides better foundations in academic skills (Agbenyega, 2017). The teaching environment has
been described as one characterized by authoritarian leadership styles, overcrowded classrooms,
and inadequate teaching resources (Agezo, 2010; Agbenyega, 2017). All public schools and 97%
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of private schools in the study sample reported using the Ghana Education Service (GES)
curriculum. These standards and the corresponding curriculum represent a commitment to
comprehensive, child-centered and play-based learning. However, despite reported use of the
curriculum, these approaches are often not implemented and the quality of KG education is low
across the country (GES, 2012).
Predictors of Process Quality
Understanding predictors of process quality is important to inform governments about
how to allocate regulable resources. Thus, assessing the convergent and discriminant validity
(i.e., the degree to which measures of constructs that theoretically should be related, are in fact
related) of variables that predict classroom quality, and how classroom quality predicts child
outcomes, are important research questions. While studies have shown that readily-observable
teacher characteristics—experience, education, and credentials, among others—explain very
little of the differences in teaching quality in the United States (Hanushek & Rivkin, 2012;
Rivkin, Hanushek & Kain, 2005) and in LMICs (Hanushek, 1995), they may be necessary but
not sufficient to improving educational systems (Author, 2007).
One study specifically addressed this question in preschool classrooms in the United
States. Drawing on a representative sample of preschools in six states, Pianta and colleagues
(2005) analyzed the predictors of preschool quality by assessing programmatic features, teacher
credentials and ECD training, child-teacher ratio, percentage of students living below the poverty
line, and teachers’ psychological characteristics. The following factors were correlated with
lower observed quality: classrooms with more than 60% of children from homes below the
poverty line, teachers lacking formal training in early childhood development, and teachers with
less child-centered beliefs. The study also found small but significant positive relations between
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teachers’ psychological well-being and quality, and no relation between structural features of the
school building and classroom quality. The findings provide some guidance on what may be
important to consider in other contexts.
Similar questions have not yet been explored in SSA. Importantly, teachers in SSA are
often ill-equipped for the challenges of teaching in their profession, which threatens their wellbeing and effectiveness in the classroom. Among the many challenges—which some say have
led to a “motivation crisis” (Moon, 2007)—are increasing workloads due to educational reform,
low and infrequent compensation, lack of professional recognition and development
opportunities, lack of accountability, and lack of voice (Bennell & Akyeampong 2007; VSO,
2002). Understanding the predictors of high-quality instruction in ECE settings may provide
important insights into context-specific levers of change. In this study, we consider four sets of
variables in relation to measures of process quality.
Teacher credentials and training. Increasingly in the United States, early childhood
advocates are calling for all preschool teachers to have at least a Bachelor’s degree (e.g., Barnett,
2004) given evidence that suggests that the schooling level of early childhood education teachers
is related to higher quality learning experiences for children. Links have been demonstrated
between positive teaching practices and child outcomes with higher levels of education more
generally (Howes, James, & Ritchie, 2003), and with specific training in early childhood
development (Clarke-Stewart, Vandell, Burchinal, O’Brien, & McCartney, 2002). However, a
more recent review found largely null or contradictory associations between teachers having at
least a BA and high-quality education (Early et al., 2007), concluding that policies focused solely
on increasing teacher education are not sufficient to improve quality and learning.
In Ghana, public-sector kindergarten teachers are required to have a minimum of a
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Diploma in Basic Education obtained from an approved college of education (Asare & Nti,
2014), while there are no minimum requirements for private sector teachers. The certificate in
basic education requires two years of coursework, followed by one year of student teaching.
Thus, the level of required credentials is less than in high-income countries. It is possible that
this training is critical to preparing teachers. But it is equally possible that it is not sufficient to
strongly affect teaching quality.
Classroom structural resources. Structural elements of the classroom, such as material
resources, class size, and teacher-child ratios, are considered important for improving learning
outcomes to the extent that they promote process quality (Phillips et al., 2000; Pianta et al., 2005;
Vandell, 2004; Author, 2012). An influential study released by the NICHD Study of Early Child
Care (NICHD ECCRN, 2002) showed that structural variables of the classroom were associated
with key measures of process quality. Children attending programs where caregivers had more
training and where child-staff ratios were smaller performed better across a range of measures,
and these relations were mediated by childcare process quality.
Teacher professional well-being. Teaching is a stressful profession. Burned-out teachers
can create harmful learning environments that are associated with negative outcomes for
students. High levels of distress can lead to teacher burnout and deteriorating teacher
performance (Osher et al., 2007; Tsouloupas et al., 2010), as well as poorer classroom climate
(La Paro et al., 2009). There is growing concern that teachers in lower-income countries,
including Ghana, are unmotivated, and that this may partially explain poor teaching performance
and student learning outcomes, high rates of turnover and absenteeism, and misconduct (Moon,
2007; Bennell & Akyeampong, 2007). Research focused on child care settings in the U.S. has
shown that providers’ psychological characteristics were significantly associated with child care
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quality and interactions with children, with depression and burnout being related to more
negative interactions (Hamre & Pianta, 2004). Given the challenges documented in the teaching
profession in Ghana (Bennell & Akyeompong, 2007; Osei, 2006), teachers’ psychological and
professional well-being should be explored as predictors of process quality.
Language of instruction. Ghana is a multi-lingual country, which is a central issue in
education. Ghana’s National Literacy Accelerated Programme policy (NALAP; USAID, 2009)
mandates that bilingual instruction be used in KG through Primary 3 classrooms, with the
proportion of class time taught in English increasing with each year. By Primary 4, students are
to be instructed entirely in English. While this policy stipulates that local languages be used for
instructions in the early school years, in practice this is often not the case due to various
attitudinal, structural and logistical challenges (Ankrah, 2015). With over 44 languages spoken in
the country, and with internal migration in urban and peri-urban schools, it is very common for
classrooms to have children who speak different native languages. In this case, the teacher is
supposed to instruct in the “language of the playground” – that is, the language children use to
communicate with each other outside of class (USAID, 2009). Another issue is that in public
schools, teachers can be placed in communities across the country and may not be native to the
area in which they are teaching. Thus, they may not share a common local language with their
students, and in this case teachers often revert to using English.
In this context, we consider whether the classroom is instructed in local language only,
English only, or a mix of English and local language is related to classroom process quality. We
consider teachers’ proficiency in English (Ghana’s official language) and Twi (the most
commonly spoken language in the region of this study). In the classrooms in this sample, the
majority of schools reported using a mixture of English and local language in their instruction,
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though there are significant differences in public and private schools. Specifically, 21.7% of
private schools reported teaching exclusively in English in KG, none reported teaching in local
language only, and 78.3% reported teaching in a mixture of English and local language. In
contrast, no public schools reported teaching exclusively in English, 4.3% reported teaching in
local language only, while 95.7% reported teaching in a mixture of English and local language.
The Present Study
The present study seeks to assess the latent constructs of classroom quality in the ECE
version of the TIPPS in Ghanaian classrooms, in addition to the concurrent and discriminant
validity of the factors with classroom structural quality, teacher professional well-being, and
direct assessments of child school readiness. In assessing the utility of measures of process
quality in new settings, the implications for child outcomes is a critical step. Beyond examining
associations with children’s outcomes generally, recent research has considered whether certain
dimensions of process quality are more strongly related to certain domains of children’s
development in preschool classrooms (e.g., emotional climate with socio-emotional domain;
instructional quality with language and numeracy domains). Specifically, we ask:
1. Are there meaningful factors of classroom quality in a sample of kindergarten classrooms
in the Greater Accra Region of Ghana?
2. Given meaningful differences in school and teacher characteristics across public and
private schools, is the factor structure invariant across public and private-sector
classrooms? If so, are there differences in classroom quality across the sectors?
3. Is there evidence of concurrent validity for the factors of classroom quality identified?
Specifically, we examine three categories of potential correlates of classroom quality: (1)
classroom structural quality (including teacher training and experience and classroom
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materials); (2) teacher professional well-being, and (3) classroom-levels of child schoolreadiness skills in the spring (near end-of-the-school-year) controlling for fall (baseline
start-of-the-school year) skill levels.
This study contributes to the measurement and conceptualization of classroom process quality in
a SSA context. Building on long-standing frameworks of classroom settings and the role of daily
interactions (e.g., Cohen et al., 2003; Author, 2007), we consider underlying concepts of quality
in a tool adapted for use in the SSA setting, as well as test several conceptually based and locally
relevant predictors of quality. The findings provide insights into potential levers of change to
improve educational quality in Ghana specifically, with implications for SSA more generally.
Methods
Participants and Procedure
Data for this study come from the baseline of a two-year, three-wave impact evaluation
of an in-service teacher training and parental engagement program implemented in six districts in
the Greater Accra Region in Ghana (Author, 2017b). The districts were six of the eight most
disadvantaged in the region (out of sixteen total) and ranked between 100–187 out of a total of
216 districts in the country (as defined by UNICEF’s District League Table, 2015). They
included: La Nkwantanang-Madina; Ga Central; Ledzokuku-Krowor; Adenta; Ga East; and Ga
South. Schools were identified using the Ghana Education Service EMIS database, which listed
all registered schools in the country. Schools were then randomly selected for participation using
two levels of stratification: district and public/private schools. In the summer of 2015, 118 public
schools and 490 private schools were identified. Ten public schools had no KG classes and were
therefore excluded. All public schools were included in the final sample, and private schools
were randomly selected in a number proportional to the total number of private schools in each
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district. The total resulting sample was 108 public schools and 132 private schools.
Every KG classroom in each school was included, and fifteen children (eight from KG1
and seven from KG2) were randomly selected from each school roster to participate in direct
assessments. The majority of schools had two KG teachers, though the range was from one to
five. If there were more than two KG teachers in the school, two were randomly sampled per
school for data collection (one from KG1 and one from KG2). Thirty-seven schools only had one
KG teacher, and in this case the one teacher was sampled. In the fall, several teachers had not yet
been posted to their classrooms; only 420 of the 443 classrooms had teachers present when data
collection took place. Nearly all of those teachers (97.9%) agreed to be videotaped and
participate in the survey, which was conducted by trained enumerators. However, due to the theft
of three tablets and two netbook computers, 94 classroom videos were lost. Thus, the total
sample size for the classroom observations was 317 teachers/classrooms. While theft is
exogenous, we assessed for potential bias in the loss of classroom videos by assessing statistical
differences in each predictor variable. There were no statistically significant differences between
the two groups (results available by request to first author).
All teachers were videotaped teaching a lesson in their classroom for 30-60 minutes in
the first half of the six-hour school day in the first term of the school year in September or
October of 2015. Videos were recorded by trained enumerators who also administered surveys to
the teachers. The content of the lessons varied, and were reported by teachers to include: creative
activities (14.5%); environmental studies (10.1%); literacy and language (35.7%); mathematics
(33.8%); movement and dance / physical education (3.0%); and “other” (2.8%).
Measures
Teacher Instructional Practices and Processes System–ECE Version. The TIPPS-
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ECE version was adapted from the primary and secondary versions of the TIPPS (Author,
2013b). Adaptations were made in a number of arenas. The scopes of certain dimensions were
modified to more accurately reflect processes appropriate to the developmental level. For
example, the cooperative-learning dimension was changed to focus more on the basic skills
necessary (i.e., learning how to share and play together) for cooperative learning in ECE.
Additionally, the complex-thinking/problem-solving dimension was reframed to reflect how the
teacher might help children use language to process information and promote problem solving
(share reasoning aloud). Other dimensions were added to reflect aspects of the classroom that
were unique to ECE, such as children’s learning through the use of free play, as well as a larger
emphasis on behavioral management (i.e., how misbehavior is managed) and classroom
management (i.e., creation and reinforcement of consistent classroom routines). All examples in
the codebook were changed accordingly. The changes were aided by familiarity with the ECE
literature, as well as focus groups, pilot testing, and feedback from local ECE specialists.
Each of the 19 TIPPS concepts1 is broken down into three areas in the training manual:
(i) importance of concept, (ii) behavioral indicators, and (iii) concrete examples. For example,
the importance of the first TIPPS ECE dimension, Teacher supports children’s development
through the use of free playtime, is explained in the importance of concept by stating its role in
contributing to a quality learning environment. A behavioral indicator outlines a possible
manifestation of this concept. An example in this case could be to examine whether or not the
teacher allows children to structure their activities without imposing any formal way to play.
Finally, concrete examples help illustrate each of the four scale points to illustrate the “degree”

Here, the term ‘concept’ is used interchangeably with the term ‘dimension’. While ‘dimension’ is more consistent
with the literature around the measurement of classroom quality, we also retain the use of concept, especially in
training raters, as a more broadly accessible term.
1
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to which the concept is present in the classroom.
To facilitate objective observations and ratings, the TIPPS employs a “structured
alternative format” (adapted from the work of Harter, 1982). In this structured format, both
visually and conceptually, the rater is presented with a concept to make a dichotomous decision
of whether the concept is absent or present in the classroom (Column A or Column B). Once this
decision is made, the rater is asked to make a second dichotomous rating by deciding if the
statement they chose is “somewhat accurate” or “very accurate.” The manual was designed to be
short, focusing exclusively on a guiding rationale for each core concept, its behavioral indicators,
examples of each teacher practice and classroom process, and four-point rating format.
After piloting the instrument in classrooms and conducting cognitive interviews with KG
teachers about the tool, only minor adaptations were made for use in Ghana (e.g., referring to
pupils as children, as is common in Ghanaian KG settings). The concepts and examples in the
manual were deemed appropriate.
Coding protocol and rater training process. All videos were watched and coded with
the TIPPS (starting at minute five of the video through minute 30). All raters were Ghanaian
nationals and had at least a Bachelor’s degree. They were required to attend a 5-day training
focused on introducing the TIPPS, bias awareness and minimization strategies, and practice
classroom videos. Upon completing the training, each rater had to meet or exceed three
calibration criteria within three attempts to be certified as a TIPPS observer. Master Codes for
the calibration videos were established by two of the TIPPS creators and the projects’ principal
investigator, who watched each video and established agreement for the respective codes.
The criteria were as follows: (1) 60% or more of the individual trainee’s codes had to
perfectly match the Master Codes for all calibration segments; (2) an individual trainee’s rating
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codes had to match or be within one rating category of the Master Code, for at least 90% of all
his/her ratings; and (3) across all concepts, a trainee could only deviate from the Master Coded
Category (i.e., Column A or B) on one item. In particular, a high rate of dichotomous
mismatches would indicate a lack of understanding of the TIPPS concepts and guiding
rationales. The calibration criteria not only assessed agreement, but also the degree of deviation
from master codes – both important aspects given that there are only four scale points and that
understanding of the concept is critical for precise coding. Of the eleven trainees who attended
the training, six passed the calibration. Throughout the coding process, the six raters participated
in weekly meetings with the project’s principal investigator to discuss questions and issues
regarding the coding process and to reduce rater drift.
Rater reliability. To assess inter-rater reliability, 15% of videos were coded by two
additional raters (three total). We calculated the intraclass correlation coefficient (ICC) of the
final scores to assess how the partition of variance in scores breaks down into differences in
individual raters and how much variance is shared across raters. On average across items, 71.1%
of the variance was shared across raters, denoting acceptable inter-rater reliability.
Validation Measures
Teacher training. Teacher training backgrounds were collected in an administered
survey. We assessed teacher’s schooling level (coded as 1 = primary or Junior High School, 2 =
Secondary High School (SHS) only, 3 = SHS+ but no college degree; 4 = BA degree; 5 = MA or
PhD; M = 2.79, SD = 0.87); total years working as a kindergarten teacher (M = 6.7, SD = 7.0,
range = 0-40), and whether the teacher had specific training in ECD (66.2% yes). We also
included a measure of knowledge of pre-literacy skills (i.e., reading knowledge) through the
percentage of correct answers in an 8-item task to assess teachers’ basic knowledge level (M =
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54.8% correct, SD = 17.3).
Teacher professional well-being. Teachers answered an administered survey in English.
All items came from existing scales and factors were derived through exploratory factor
analyses. We measured four constructs pertaining to teachers’ well-being. Personal
accomplishment was measured by eight items from the Maslach et al. (1996) Burnout Inventory
(α = .64). Sample items included “I deal very effectively with the problems of my school
children” and “I have accomplished many worthwhile things in this job”. Motivation was
measured by five items (α = .77) adapted from Bennell & Akyeompong (2007) as reported in
Author et al. (2012a). Sample items included “I am motivated to help children develop well
socially (i.e., behave well, get along with peers, cooperate)” and “I am motivated to help children
learn math.” Job satisfaction was measured by four items (α = .72) adapted from Bennell &
Akyeompong (2007) by Author et al. (2012). Sample items included “I am satisfied with my job
at this school” and “I want to transfer to another school (reverse coded).” Finally, burnout was
measured through 11 items (α = .85) from the Maslach et al. (1996) Burnout Inventory. Sample
items included “I feel I am working too hard on my job” and “I feel emotionally drained from
my work.” Items within a scale were averaged. Scales were all normally distributed.
All items were pilot tested. First, we conducted five cognitive interviews (Willis, 2005)
with teachers to assess whether they understood the questions consistently across subjects and in
the ways intended (Collins, 2003). We then piloted the survey by administering it to 20 teachers
through one-on-one surveys. From both of these exercises, we concluded that these items were
suitable for use in this sample. All items had been used in previous research with teachers in SSA
(Author, 2015a; Author, 2015b).
Classroom resource index. The TIPPS classroom environmental scan was an
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observational supplement to gauge a classroom’s condition and materials. Its purpose was to aid
in understanding some of the classroom’s basic assets, needs, and the surroundings in which the
class was operating. Using the environmental scan, each class was scored based on the number
of structural resources available (nine total), with higher scores indicating more resources.
Specifically, classes were scored on: number of teachers in the classroom (0 = 0 (i.e., only
teacher’s aide), 0.33 = one teacher, 0.67 = two teachers, 1 = three teachers); class size (0 =
greater than 25 students, 1 = fewer than 25); classroom physical structure (0 = open/outdoors, 0.5
= covered, open sides, 1 = covered, four walls); seating furniture for students (0 = bare floor or
mats, 0.5=seats but no tables, 1= seats with tables); books in the classroom (0 = no books, 1 = at
least some books); if there was adequate writing space for all students (0 = no, 1 = yes); if there
was a quiet learning environment (0 = noise affects communication; 1= noise does not affect
communication); posters/charts in the classroom (0=no, 1=yes); and adequate lighting in the
classroom (0 =no, 1=yes). The index was normally distributed (M = 7.0, SD = 1.4, range = 0–9).
Language of instruction and proficiency. Classrooms were rated by assessors on the
language of instruction: whether the lesson was delivered in English only (N = 206, 65.0%), local
language only (N = 5, 1.6%), or a mix of English and local language (N = 106, 33.4%). Second,
we used teachers’ self-reports whether they were proficient in speaking English (40.8%) and Twi
(50.6%). Of the remaining teachers, 49.4% reported speaking English at an intermediate level
and 9.9% at a basic level. For Twi, 29.6% reported speaking at an intermediate level, 15.6% at
basic level, and 4.2% reported speaking none. We dichotomized both variables to indicate
proficient (=1) versus not proficient (=0). Notably, all enumerators were native Ghanaians and
were able to translate items into local languages if teachers did not understand the English
version. Specific wording for translating several of the more difficult items was agreed upon by
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all enumerators during training.
Classroom school-readiness skills. Children’s school readiness was assessed directly
using the International Development and Early Learning Assessment (IDELA; Pisani et al.,
2015) in the fall (2015) and spring (2016) of the school year. The IDELA is a direct measure of
child learning and development that has been used in over 30 countries. The tool takes
approximately 35 minutes to administer and was derived from several commonly used
assessments of school readiness, including the Early Development Instrument (EDI; Janus et al.,
2007), the Ages and Stage Questionnaire (ASQ; Squires & Bricker, 2009), the Malawi
Development Assessment Tool (MDAT; Gladstone et al., 2010), and the East Asia Pacific-Early
Child Development Scales (EAP-ECDS; Rao et al., 2014). (Further details on the development
and implementation of the IDELA can be found in Pisani et al., 2015). The factor structure of the
IDELA has been confirmed across five countries in a previous study (Author, 2017c). The
current protocol was piloted and adapted to the Ghanaian context in which this study occurred.
The assessment included items that covered five domains of children’s development,
specifically Emergent Numeracy, Emergent Literacy, Gross and Fine Motor Skills, SocialEmotional Development, and Executive Function (specifically, inhibitory control and working
memory). In more detail, Emergent Numeracy was captured using 39 items grouped into eight
subtasks and covers constructs of number knowledge, basic addition and subtraction, one-to-one
correspondence, shape identification, sorting abilities based on color and shape, size and length
differentiation, and completion of a simple puzzle (α = .72). Emergent Literacy was measured
using 38 items grouped into six subtasks, and covered constructs of print awareness, letter
knowledge, phonological awareness, oral comprehension, emergent writing, and expressive
vocabulary (α = .74). Social-emotional Development was measured using 14 items grouped into
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five subtasks, and covered constructs of self-awareness, emotion identification, perspective
taking and empathy, friendship, and conflict/problem solving (α = .69). Motor Development was
measured using nine items grouped into three subtasks assessing fine motor skills (α = .83).
Finally, Executive Function was assessed through ten items group into two subtasks focused on
working memory (i.e., digit span) and impulse control (α = .83).
Children’s scores in each of the five domains were calculated through averaging scores
on each of the sub-domain tasks. Scores in each of the five domains were then averaged to create
a “school readiness” score for each child. Scores for each domain, as well as total schoolreadiness scores, were aggregated to the classroom-level to investigate processes at the level of
the teacher/classroom and given the relatively high mobility of students across classrooms and
schools in this context. Intra-class correlations for the outcomes varied, with 19.9 – 37.8% of the
variance in child outcomes explained at the level of the classroom.
Analytic Plan
The four steps of our analyses are described below. All analyses adjusted standard error
estimates for the nesting of teachers (N = 317) within schools (N = 179). By design, there were
no more than 2 teachers sampled per school (M = 1.77).
Preliminary analysis of TIPPS. Four items were dropped due to low variation: Item 1
(free play; 100% of classrooms had a rating of 1), Item 2 (cooperative play, 94.0% of classrooms
had a rating of 1), Item 15 (gender equity; 98.4% of the classrooms had a rating of 2), and Item
16 (non-gender based equity; 98.7% of classrooms had a rating of 2). The remaining fifteen
items were used in all subsequent analyses (descriptive statistics shown in Appendix Table 1).
Exploratory and confirmatory factor analysis. We randomly divided the sample of
classrooms in into two halves: an exploratory sample (N = 159) and a confirmatory sample (N =
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158). The purpose of the exploratory sample was to allow for multiple variations of the sixteen
items on initial models to be fitted in order to arrive at a proposed model. The purpose of the
confirmatory sample was to ensure that the proposed model demonstrated out-of-sample
generalizability. The N:k ratio of approximately 10:1 for both the exploratory and confirmatory
models provided sufficient power to run the two analyses (Ford, MacCallum & Tait, 1986).
Analyses were conducted using MPlus V6.12. We examined factor solutions ranging
from one to four factors in the exploratory analysis using varimax rotation. In selecting a model,
we considered (1) goodness-of-fit statistics and (2) conceptual meaning of the factors. The
selected model was examined in a confirmatory factor analysis using the confirmatory sample.
Measurement invariance. The second step built on the model finalized in the first step
by formally testing the measurement invariance of items contributing to each factor for two
groups using the full sample: public (N = 165) and private (N = 152) schools. Measurement
invariance is an important step to establish whether differences among subgroups’ observed
scores can be explained only in term of differences on the constructs / factors of interest. If
measurement invariance does not hold, differences among subgroups’ observed scores can be
explained by additional features of the groups, and these additional features are generally treated
as sources of measurement bias, or as a theoretically meaningful difference, depending on the
apriori underlying model.
There are three commonly assessed types of measurement invariance, which form a
nested hierarchy representing increasing levels of invariance (e.g., Millsap, 2011; Teresi, 2006).
The first two levels, dimensional and configural invariance, establish that the number of factors
and general pattern of item loadings are the same across groups. We began by testing for
configural invariance. The second level, metric (or pattern) invariance, establishes that the value
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of each item's loading on the factor is the same across groups. This allows for comparisons of the
(co-) variances of the factors across groups. The third level of invariance, scalar (or strong
factorial) invariance, establishes that the value of the intercept or threshold for each item is
equivalent across groups. This allows for comparisons of the means of the factors across groups.
Concurrent and predictive validity. The final analysis tested for concurrent and
predictive validity. To test concurrent validity, we assessed how teacher characteristics related to
classroom scores on each of the three factors. This test of validity allowed for the examination of
whether characteristics expected to be related to teaching quality are, in fact, related. First, we
computed bivariate correlations between each predictor and each factor (see Table 3). Second,
we used latent regression analysis to assess the relationship between predictors with each factor
tested in three separate models using a structural equation model (SEM) framework (Model 1).
These results can be interpreted as the relationship between each predictor and factor, controlling
for the relationships between other predictors with that factor. Finally, we tested for predictive
validity of the classroom quality factors. We added to the latent regression analysis spring
classroom-level child outcomes in each of the five domains, controlling for classroom-level child
outcomes in the fall (Model 2). These results can be interpreted as the relations between each
predictor and domain of quality, and the subsequent relations between spring classroom
outcomes controlling for fall classroom outcomes. All latent regression analyses adjusted
standard error estimates for clustering of classrooms within schools.
Results
Descriptive statistics for all independent variables are presented in Table 1, broken down
by public and private schools. Almost all (98%) teachers were female. On average, teachers had
6.7 years of experience teaching kindergarten. There were large differences in teachers’
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schooling level by public and private status, with nearly all (95%) public school teachers having
education beyond secondary school compared to less than one-quarter (24%) of private school
teachers. Similarly, public school teachers were more likely to have formal training in early
childhood development compared to private school teachers (73% versus 58%). Notably, publicand private-sector classrooms had similar levels of material resources. The average class size
was 25 (SD = 11, range = 3-70), with public school classrooms being larger than private school
classrooms (means of 28 vs. 21, respectively, F = 32.6, p < .001).
Factor Analysis
Exploratory factor analysis. A three-factor solution was chosen based on a combination
of goodness-of-fit statistics and interpretive, conceptual analysis of results. The one-factor
solution was not chosen because of poor model-fit statistics (χ2 (104) = 467.39, RMSEA = .148).
The two-factor solution had acceptable fit (χ2 (89) = 168.80, RMSEA = .079) but was not selected,
primarily because the conceptual interpretation of the two factors was not clear; the items on both
factors contained a mix of content in terms of instructional and emotional dimensions. In the threefactor solution (χ2 (75) = 112.24, RMSEA = .056)—the selected model—a third factor representing
emotional support was distinct. This allowed for easier interpretation of instructional vs emotional
components of the classroom environment. We used a 0.40 factor loading as a cutoff criterion for
including items on each factor (Hair et al., 1998; Tabachnik and Fidell, 2007). One item–Item 5
(instructional materials)—did not load on any factor above .40 and was dropped from the analysis.
No items loaded above .40 on more than one factor.

We labeled the three factors as Facilitating Deeper Learning (factor 1), Supporting
Student Expression (factor 2), and Emotional Support and Behavior Management (factor 3;
Appendix Table 2). While the four-factor solution had slightly better goodness-of-fit statistics,
the solution had two factors with only two items, and thus was not selected for sake of
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parsimony. We also assessed the goodness of fit for a bifactor model to assess an over-arching
quality factor (similar to that of Responsive Teaching; Hamre et al., 2014). This model did not fit
the data well. Thus, a three-factor model was selected.
Confirmatory factor analysis. Using the confirmatory sample, we replicated the threefactor model using a confirmatory factor analysis. The results are shown in Figure 1. All
loadings ranged from 0.53 - .85. The confirmatory model had adequate goodness-of-fit statistics
(χ2 (df) = 154.19 (87), RMSEA = .070, CFI = .946, TLI = .934). The correlation between
Facilitating Deeper Learning (FDL) with Emotional Support and Behavior Management
(ESBM) was r = .67; FDL with Supporting Student Expression (SSE) was r = .26; and ESBM
with SSE was r = .72.
Measurement Invariance Across Public- and Private-Sector Classrooms
The next step of our analysis addressed the question of whether the factor structure was
invariant across and private- and public-sector schools/classrooms. The three-factor model
depicted in Figure 1 was fitted to each group. The goodness-of-fit of the comparisons supported
the conclusion of scalar (strong factorial) measurement invariance (see Table 2).
Having established measurement invariance across the groups, we then assessed the mean
differences, in standard deviation units, for each factor. We found no differences when
comparing means scores in private versus public schools in Facilitating Deeper Learning (SD diff
= 0.05, p = .773) or in levels of Supporting Student Expression (SD diff = 0.03, p = .804). We did
find significant differences in levels of Emotional Support and Behavior Management, with
private schools displaying lower scores on this factor of over one-third of a standard deviation
compared to public schools (SD diff = -0.35, p = .012).
Concurrent and Predictive Validity
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Table 3 displays the correlations among predictor variables and the three classroom
quality factors. Years of experience as a kindergarten teacher was not correlated with any
domain of classroom quality. Schooling level, training in ECD, and reading knowledge were all
correlated in expected directions with Supporting Student Expression (SSE), showing small to
moderate associations, but not with Facilitating Deeper Learning (FDL) or Emotional Support
and Behavior Management (ESBM). Dimensions of professional well-being correlated with
classroom quality in the expected directions, with the correlations small in size. Classroom
resources and classroom-level child school-readiness skills had small to moderate correlations
with quality. Finally, SSE was positively correlated with teachers use of local language in the
lesson delivery and negatively with use of English only, with correlations small in size; and
teachers’ proficiency in Twi had a small positive correlation with ESBM.
In predicting classroom quality factor scores using latent regression analysis, we
conducted three regression analyses (one for each factor). The results are summarized in Table 4.
Number of years as a kindergarten teacher was not related to any factor. Schooling level and
training in ECD were both related to higher scores of SSE (β = .25, p < .001 and β = .17, p <.01).
Some dimensions of teachers’ professional well-being were also related to classroom
quality in the expected directions, though the patterns were not consistent across factors.
Personal accomplishment was associated with higher levels of FDL (β = .24, p < .001) and SSE
(β = .14, p < .05). Burnout was negatively associated with SSE (β = -.22, p < .01). The classroom
resource index was positively associated with ESBM (β = .26, p < .001) but not SSE or FDL.
When considering language, language of instruction (English, local language, or English
and local language mix) did not predict classroom quality. Furthermore, teachers’ proficiency in
English and Twi did not significantly predict classroom quality, with one exception: teachers’
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proficiency in English marginally significantly positively predicted ESBM (β = .12, p < .10).
In the final models (Models 2; Table 4), child outcomes across five domains from the fall
and spring assessments were averaged to the level of the classroom and added to Model 1, with
classroom quality factor scores predicting spring outcomes controlling for fall outcomes (i.e.,
predictors→classroom quality factors→spring classroom-level child outcomes, controlling for
fall classroom-level child outcomes). FDL marginally statistically significantly predict higher
spring early numeracy skills (β = .07, p < .10). SSE statistically significantly predicted higher
early literacy scores (β = 0.17, p < .01) and social-emotional score (β = .13, p < .05), and
marginally significantly predicted higher motor skills (β = .10, p < .10). Finally, ESBM
predicted higher early numeracy scores (β = .08, p < .05) and marginally significantly predicted
early literacy scores (β = .08, p < .10).
Discussion
We assessed the factor structure of ECE classroom process quality and its correlates in
Ghana, as well as the utility of process quality in predicting child academic and behavioral
outcomes. In a period of growing demand for the provision high quality ECE, as well as for
monitoring systems and metrics of quality, we provide evidence that the Teacher Instructional
Practices and Processes System© (TIPPS; Author, 2013b; 2017) is one tool that may be suitable
for this purpose. We assessed quality through teacher-child interactions, given its’ critical role in
promoting child learning and development in other contexts (Cohen et al., 2003), and showed
that this is a useful lens through which to assess classrooms in SSA. While many interventions
aim to change specific instructional strategies and curricula that are thought to be effective, there
is also a need for clearer articulations and validation of higher-level theories of effective teaching
that include process quality within and across countries. This study is one of the first to attempt
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this work in pre-primary classrooms in SSA.
We found three domains of classroom quality in this sample of public and private
schools. We discuss them in light of the current evidence of ECE classroom quality, primarily in
the United States, to draw out similarities and differences in two different educational systems.
The first factor–Facilitating Deeper Learning (FDL)–involves instructional support strategies
that teachers use to encourage learning (e.g., scaffolding, providing high quality feedback), and
may be similar to the factor of Instructional Support found in ECE classrooms in the United
States (Teachstone, 2014). Notably, FDL did not predict child learning outcomes in this context.
This may be due to teachers’ lack of mastery of the academic content. For example, in a brief
pre-literacy knowledge scale (assessing knowledge about, e.g., syllables, speech sounds, rhyming
words), the average score in this sample was 54%. This points to a need for teachers’ pre-service
training to focus more on content and curricular knowledge, in addition to pedagogy. Teachers’
proficiencies in the language of instruction may also be a barrier to their ability to facilitate
deeper learning. Only 40% of teachers reported proficiency in English, and only half reported
proficiency in Twi, the two dominant languages of instruction in the districts in this study.
The second factor–Emotional Support and Behavior Management (ESBM)–involves both
concepts related to supporting students emotionally (e.g., sensitivity and responsiveness, tone of
voice) and positive behavior management strategies (e.g., providing a consistent routine). The
existing literature has found emotional support and classroom organization (including behavior
management) as two distinct domains of classroom quality (Leyva et al., 2015; Teachstone,
2014). Our findings suggested that behavior management and emotional climate were closely
connected in Ghanaian classrooms. Notably, this was the only factor in which we found a
meaningful difference betweem public and private schools, with lower quality found in private-
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sector classrooms. This suggested that high parental demand for “rigorous” education in Ghana
ECE (Bidwell et al., 2014) may have affected the private sector more strongly. Alternatively, it is
possible that this domain of instructional practice was most sensitive to the differences in teacher
training and credential requirements in public and private schools.
The third factor–Supporting Student Expression (SSE)– involves concepts that include
regard for student perspectives (i.e., as considering student ideas), as well as encouraging the
development of higher-order thinking skills (i.e., encouraging students to reason and problemsolve, connecting concepts to students’ lives outside of the classroom, language modeling). In
various contexts around the world, researchers are concerned that “traditional” approaches to
education (i.e., teacher-driven, highly-structured, academically-focused) are being applied
inappropriately in early education settings and resulting in the “schoolification” of ECE (Choi,
2006), making ECE simply an extension of ineffective primary schools. This is in contrast to
“modernist” approaches to early education (i.e., child-centered, activity- and play-based
approaches) that address social skills and the unique needs of very young children (Hirsh-Pasek
et al., 2009). In educational systems that have traditionally prioritized rote instruction and
memorization (Choi, 2006; Osei, 2006), this may be an important dimension of process quality
that enables students to deepen their learning. Thus, the quality domain of supporting student
expression identified in this study may be particularly important in supporting Ghana’s preprimary educational system to incorporate more modernist approaches to education.
Another contribution of this study is the evidence of associations between teacher- and
classroom-level predictors with each of the three domains of teacher-child interactions.
Classroom scores on FDL were associated with teachers’ professional well-being. The SSE
factor was associated with more predictors than the other two factors, including training and
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education, professional well-being, and classroom-level school readiness skills. In light of a
growing concern of a teacher “motivation crisis” in Sub-Saharan Africa in general (Bennell &
Akyeampong, 2007), and in Ghana specifically (Osei, 2006; Moon 2007), the findings suggested
the resources teachers have available, both in terms of materials and psychologically, had
implications for the nature of the interactions children were experiencing in the classroom.
Finally, the ESBM factor was significantly associated with classroom physical resources,
indicating that teachers may have relied on physical resources for implementing positive
behavior management (e.g., writing-out class rules on a board). Indeed, elements of structural
quality have been shown to promote process quality (e.g., NICHD ECCRN, 2002). In addition,
training in ECD was marginally statistically significantly related to this factor, indicating that
teachers with training in early childhood development implement more developmentally
appropriate classroom management techniques. Language of instruction did not significantly
predict classroom quality. This issue warrants greater attention in the Ghanaian context, where
national language policy mandates that preschool instruction should be in children’s mother
tongues (USAID, 2009) but there are many challenges to implementation (Ankrah, 2015).
Finally, and perhaps most notably, were the findings on the significant associations
between classroom quality as measured by the TIPPS and classroom-levels of children’s
development of skills during pre-primary school. We found that FDL was not associated with
any spring outcome score, including academic outcomes as we might have predicted. Both SSE
and ESBM predicted academic outcomes (early literacy and numeracy skills), and SSE predicted
classroom-levels of children’s social-emotional skills. This pattern of associations is consistent
with previous research from the U.S. which found that, compared to children enrolled in
programs characterized by low-quality and or medium-quality, high quality instructional support
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was positively associated with academic and behavioral child outcomes, while quality emotional
support was only associated with children’s behavioral outcomes at the end of preschool
(Mashburn, 2008). The associations with average classroom-level child outcomes range from
0.07 to 0.17, slightly larger than prior rigorous research on classroom quality assessing
associations at the child level (see Burchinal, 2017). The findings indicated that the TIPPS
measure identified some critical elements of the classroom environment in Ghanaian pre-primary
classrooms, and that teachers’ abilitis to support student expression during instruction are
significant for improved classroom academic and behavioral outcomes. Importantly, the validity
of the IDELA assessment of child outcomes has been established in multiple other countries
(Author citations redacted) and has been used in multiple studies in Ghana (Author citations
redacted).
Overall, the findings suggested that in Ghana, structural aspects of quality may facilitate
the implementation of process quality, and that process quality meaningfully predicted children’s
academic and behavioral outcomes in preschool—although the magnitudes of these associations
were small. With regard to policy debates concerning program regulation and teacher training
needs, these results should be considered in light of the fact that findings are associational and
not causal. In addition, we recognize that many other factors may contribute to classroom quality
that were not observed in this study—for example, parent-school relationships, supportive head
teachers, and ongoing professional development opportunities for teachers. Our findings
certainly do not reflect all sources of variation that have been hypothesized to influence quality,
and results should be interpreted with this in mind.
Future research is needed in this area, including test-retest reliability and generalizability
studies for the TIPPS and other classroom observation tools in LMIC contexts, to better
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understand how different time intervals (i.e., time of day, time of year, subject taught, class
length) affect the measurement of classroom processes. As this body of work develops,
important questions about high-inference measurement will need to be considered and addressed.
In addition, future studies should investigate SSA teachers’ own reflections on classroomobservation tools to ensure that teachers’ perspectives and voices are incorporated, and that
domains of quality in this particular context are comprehensively considered (e.g., Pastori &
Pagani, 2017).
Limitations and Conclusions
This study has limitations that are important to note. First, this study is descriptive in
nature and the data collected on teachers are cross-sectional, and thus the relations among
predictor variables and classroom quality are not causal. We cannot make conclusions about the
extent to which regulating aspects of structural quality (e.g., teacher credentials, classroom
resources) might achieve observable and meaningful differences in process quality. This limits
the ability to make conclusions about targets for change to improve ECE quality in Ghana.
Second, this study includes schools only in the Greater Accra Region of Ghana, and thus only
represents urban and peri-urban areas and only in this country. As a result, the domains of
quality and their associations with teacher and child characteristics cannot be generalized beyond
this particular region in Ghana, or to countries outside of Ghana. This is an important limitation,
as teachers in rural regions of Ghana face additional unique challenges such as large class sizes,
higher student poverty rates, and lower levels of training. Examining how these factors relate to
teaching practice, and ECE quality, is an important area for future research. Third, some of the
scales used in the analysis had relatively lower internal reliability, which may have affected the
associations that were estimated. Finally, the data collected on language diversity and language
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of instruction were limited, precluding a deeper investigation of how this issue may affect
teacher-child interactions in this context. Nonetheless, the findings provide a platform from
which studies in other contexts and countries can build on.
In a fast-growing field of educational impact evaluations in LMICs (IEG, 2012), and a
new directive from the Sustainable Development Goal 4 to strive for the provision of highquality education for all children, the drive to understand “what works” is being felt by
governments, NGOs, donors, and the public alike. The “black box” approach to assessing how
programs improve learning outcomes is no longer viewed as sufficient (Author, 2012). Thus,
developing the metrics to assess the classroom environment, and its process quality in particular
as a key driver for learning outcomes, is increasingly critical. This study is an important step, yet
it is only with systematic data collection and analysis in a diverse array of LMICs that this goal
will be addressed on a global scale.
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Table 1. Descriptive Statistics of Independent Variables, by Public and Private Sector Status

Public
Total years as KG teacher
Schooling level (%)
Junior high school
Secondary high school
>Secondary high school, no college degree
BA degree
MA or PhD
Training in ECD (%)
Reading knowledgea
Personal accomplishment
Burnout
Motivation
Job satisfaction
Classroom resource index
Sample size (total = 317)
a

Scored as a percent correct from 0-1.

Private

6.99

Mean / SD
7.31
6.34

3.0
1.8
54.6
39.4
1.2
73.3

9.0
66.9
23.5
0.7
0.0
58.4

0.564
5.88
2.13
4.53
1.82
7.04
165

0.173
0.96
0.99
0.72
0.63
1.37

0.529
5.78
2.04
4.74
1.91
7.04
152

Min

6.54

0.172
0.97
0.93
0.41
0.67
1.10

Max

0

40

0
0
0
0
0
0

1
1
1
1
1
1

0
1.75
1
1
1
0

1
7
7
5
3.83
9
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Table 2. Model Fit Statistics for Measurement Invariance Tests for Public versus Private Sector
Classrooms

Chi-square (df)
Contributions:
Public
Private
CFI
TLI
RMSEA
χ2 change (df)
χ2 change p-value

Configural
invariance
374.17 (204)

Metric
invariance
361.55 (216)

Scalar
invariance
378.21 (231)

206.76
167.41

198.55
163.00

205.51
172.70

.936
.934
.071

.945
.947
.066
10.62 (12)
.562

.944
.949
.064
31.33 (27)
.258
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Table 3. Bi-variate correlations among Study Variables

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Total years as KG teacher
Schooling levela
Training in ECD (yes/no)
Reading knowledge
Personal accomplishment
Burnout
Motivation
Job satisfaction
Classroom resource index
Lesson delivered in English
Lesson delivered in local language
Lesson delivered in mix of English
and local language
Teacher is proficient in English
Teacher is proficient in Twi
Average classroom school
readiness (total)

FDL
-.04
.08
.08
.04
.20
-.08
.00
.19
.06
.03
.00

SSE
.04
.24
.18
.11
.16
-.09
-.05
.01
.11
-.10
.13

ESBM
.01
.06
.10
.04
.09
.05
.11
.09
.19
.02
.02

1

2

3

4

5

6

7

8

9

10

-.08
.35
-.14
-.08
-.09
-.06
-.10
.04
-.01
.00

.13
.09
.13
.08
-.08
.02
.02
-.43
.06

.00
.07
-.05
-.04
.01
-.02
-.12
.04

.03
.16
.00
.12
.04
-.08
.15

-.05
.17
-.03
-.06
-.06
.03

-.12
.32
-.07
.02
-.06

-.13
.01
.12
.01

-.02
.01
.00

-.16
.06

-.17

-.05
.13
.03

.19
.16
-.01

-.03
.11
.15

.08
-.09
.03

.41
.34
.05

.11
.07
.09

.04
.10
.00

.06
.17
.08

.00
.00
-.09

-.12
-.08
.04

-.01
.07
-.06

.15
.08
.09

-.97
-.15
-.06

-.09
.05
-.08

.13
.09

.34

.20

.08

.20

.02

.03

.03

.08

.03

.09

-.01

.05

-.07

.08

.03

-.09

.04

11

Note. Bold numbers indicate correlation is statistically significant at p < .05. Correlations with FDL, SSE, and ESBM derived from respective
factor scores.
FDL = Facilitating Deeper Learning; SSE = Supporting Student Expression; ESBM = Emotional Support and Behavior Management.

12

13

14

.01
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Table 4. Latent Regression Analysis Standardized Coefficients
Supporting Student
Expression

Facilitating Deeper Learning

Emotional Support and
Behavior Management


Predictors → Process quality
Total years as KG teacher
Schooling levela
Training in ECD (yes/no)
Reading knowledge
Personal accomplishment
Burnout
Motivation
Job satisfaction
Classroom resource index
Language used in lesson (ref = local language
only)
English only
Mixed English and local language
Teacher is proficient in English
Teacher is proficient in Twi
Process Quality → Child outcomes
Average classroom early literacy skills
Average classroom early numeracy skills
Average classroom social-emotional skills
Average classroom executive function skills
Average classroom motor skills

M1

M2

M1

M2

M1

M2

-.053
.108
.094
.042
.237 ***
-.104
.202
.008
.104

-.097
.104
.138 †
.073
.216 **
-.095
-.063
-.014
.108

.041
.249
.172
.141
.137
-.220
-.060
.153
.137

-.006
.247
.238
.166
.133
-.157
0.05
.105
.126

-.061
.072
.118 †
-.008
.061
.054
.075
.043
.260 ***

-.076
.100
.117 †
-.014
.053
.065
.052
0.04
.209 **

.202
.097
-.041
.055

.167
.129
-.027
.018

-.073
-.034
-.082
.028

-.052
-.159
.122 †
.020

.044
-.030
.136 *
.022

.049
.072 †
.082
.038
.092

***
**
†

*
**
*
†

**
***
*
†

*

†

-.005
.048
-.079
-.015
.165 **
.072
.134 *
.072
.100 †

.075 †
.076 *
.018
.067
.021

47
Notes. † p < .10. * p < .05. ** p < .01. *** p < .001.
Each column represents a separate regression. Baseline classroom-level scores for all child outcome domains are included in the model, though
coefficients are not shown.
a
Continuous variable coded as 1=primary or JHS, 2=SHS only, 3=SHS+ but no college degree; 5=BA degree; 6=MA or PhD.
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Figure 1. Final confirmatory factor model
Facilitating
Deeper
Learning

Connects lesson to
teaching objectives

.62

Specific /high
quality feedback

.53
.74

Scaffolding
Considers student
ideas and interests

.26
.85
Supporting
Student
Expression

.67

.82
.60

Encourages
reasoning/problem
solving
Connections to
students’ daily lives

.60
Language modeling

.72

Positive climate

.83
Negative climate

-.46
Emotional Support/
Behavior Management

.88
.78
.74
.63
.78

Sensitivity &
responsiveness
Tone of voice
Positive behavior
management
Consistent routine
Student engagement
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Appendix Table 1. Descriptives for each of the fifteen TIPPS items used

Student Ideas and Interests into Consideration
Encourages Reasoning/Problem Solving
Instructional Materials
Connection to Teaching Objectives
Connection to Students Daily Life
Specific Feedback
Language Modeling
Scaffolding
Positive Environment
Sensitivity and Responsiveness
Negative Environment
Tone of Voice
Behavior Management
Consistent Routine
Student Engagement

Item
3
4
5
6
7
8
9
10
11
12
13
14
17
18
19

Mean
1.27
1.69
3.43
2.01
1.64
2.08
1.45
2.24
3.23
2.78
1.55
3.00
2.78
2.74
3.36

SD
0.64
0.89
0.73
1.03
0.94
0.91
0.72
1.07
0.70
0.76
0.75
0.86
0.94
0.77
0.64

Min
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Max
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
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Appendix Table 2. Results from Exploratory Factor Analysis Three-Factor Model

Student Ideas and Interests into Consideration
Encourages Reasoning/Problem Solving
Instructional Materials
Connection to Teaching Objectives
Connection to Students Daily Life
Specific Feedback
Language Modeling
Scaffolding
Positive Environment
Sensitivity and Responsiveness
Negative Environment
Tone of Voice
Behavior Management
Consistent Routine
Student Engagement

Factor loading
Factor 1
Factor 2
.677
.713

Factor 3

.336
.614
.623
.568
.510
.584
.762
.688
-.666
.709
.666
.565
.663

Note. Factor loadings below 0.40 are not shown, with one exception. We show the highest
factor loading for the one item that did not load on any factor.

